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INTRODUCTION

Treatment planning in oral squamous cell carcinoma (OSCC) 
is based on the assessment of the size of the primary lesion (T), 
the number of regional lymph node metastases (N) and the 
presence of distant metastases  (M).[1] This system operates 
on the lines of omission or commission, as small tumours are 
assumed to have a better prognosis and the larger tumours tend 
to metastasize. However, this generalization is often dangerous 
as it is well known that tumours with similar clinical staging 
have differing growth patterns and clinical behaviour.[2] Thus, 
the prognosis of patients with OSCC is difficult to predict 
accurately on the basis of clinical staging alone.

Regional lymph node involvement is a critical factor in 
the assessment of tumour behaviour in OSCC, because its 
frequency is reportedly the same for both small and large 
tumours.[3] Furthermore, it was illustrated in a series of 

60 patients with cancer of the mouth and oropharynx that the 
risk of nodal metastasis is not related to tumour size but to 
histological grade.[4] As definitive correlation has not been 
established between the stage of the tumour and its histological 
grade,[5] grading alone may also not be an unequivocal 
indicator of tumour prognosis.[6] This is particularly true in 
the context of OSCC exhibiting varying histological features 
at different areas within the same tumour. It is thus important 
to realize that the cells at the invasive margins of OSCC and 
other cancers often show characteristics other than those at 
the superficial part of the tumour.[7‑9] This review attempts to 
explain the various molecular events and interactions that take 
place at the invasive front of the OSCC, along with their role 
as prognostic markers.

INVASIVE TUMOUR FRONT AND ITS ROLE IN 
ORAL CARCINOGENESIS

The invasive tumour front (ITF) has been defined as the most 
progressed, three to six tumour cell layers or detached tumour 
cell groups at the advancing edge of the OSCCs.[7] The ITF 
frequently shows a lower degree of differentiation and a higher 
grade of cellular dissociation in comparison with other parts of 
the tumour. It is believed that integral prognostic information 
about the tumour’s invasive and metastatic capacity[10] can 
be deduced from the ITF, where the deepest and presumably 
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most aggressive cells reside.[8,9] Several studies have reported 
the prognostic significance of ITF in OSCCs.[7,11‑13] Numerous 
molecular events of significance for tumour spread, such as 
gain and loss of adhesion molecules, secretion of proteolytic 
enzymes, increased cell proliferation, and initiation of 
angiogenesis occur at the tumour–host interface or invasive 
front.[8,9]

Changes in the extracellular matrix at the invasive 
front

Tumour progression in OSCC is associated with a reorganization 
of extracellular matrix (ECM). Components resulting from the 
degradation of the basement membrane may play a role in 
tumour cell invasion.[14] A decrease in the expression of the 
basement membrane components such as laminin‑5 (Ln‑5), 
collagen IV, decorin, heparan‑sulfate proteoglycan along the 
tumour–stroma borderline has been reported.[14‑18] However, 
increased expression of fibronectin, tenascin, and Ln‑5γ2 chain 
has been reported in the associated tumour–stroma[14‑18] and is 
further enhanced by the presence of fibroblasts. These findings 
indicate that the enhanced expression of basement membrane 
proteins such as fibronectin during human oral cancer 
progression is dependent on the epithelial–mesenchymal 
environment, especially the existence of fibroblasts.[19]

Laminin
Laminins are important autocrine factors produced by cancers 
to promote tumorigenesis. OSCCs cells have been shown 
to contain 32/67  kDa laminin receptors, which operate as 
accessory integrin molecules to stabilize tumour cells upon 
their adherence to laminin. After establishing this bond, the 
tumour begins to secrete enzymes[20,21] that cause membrane 
rupture by destroying type IV collagen and laminin. Tumour 
cells are then able to penetrate the connective tissue and start 
the invasion process.[20,22]

The importance of laminin‑5 (Ln‑5) has been demonstrated 
in squamous cell carcinoma (SCC).[23] Ln‑5 plays a vital role 
in tumour migration and shows an increased expression in 
areas of direct tumour–stroma interactions in OSCCs.[17] 
Invasion of OSCCs is associated with Ln‑5 synthesis, focal 
loss from the basement membrane, and deposition in the 
stroma beneath invading carcinoma cell complexes.[24] 
Overexpression of Ln‑5γ2 chain in head and neck squamous 
cell carcinoma (HNSCC), particularly at the invasive front of 
tumours, has been reported.[18,25]

Stromal spot‑like Ln‑5 deposits have been shown to occur 
at the invasive front in the vicinity of mesenchymal cells 
and vessel structures. In fact, it has been demonstrated 
that mesenchymal cells may also express the Ln‑5γ2 chain 
mRNA, thus contributing to the promotion of tumour cell 
migration as well as vessel formation in OSCC by providing 
and organizing promigratory Ln‑5 fragments.[17,24] Moreover, 
stromal Ln‑5 deposits show a spatial association with 

transforming growth factor – beta 1 (TGF‑β1) as well as with 
matrix metalloproteinase (MMP)‑14 and bone morphogenetic 
protein (BMP)‑1.

Co‑localization of Ln‑5 and unspliced tenascin‑C  (Tn‑C) 
at tumour cell–fibroblast interface may have a supportive 
role for invasive tumour behaviour.[26] Different patterns 
of co‑localization have been implicated for its formation 
in  vivo. A  ribbon‑like co‑localization has been detected in 
subepithelial basement membranes around well‑differentiated 
OSCC and tumour clusters.[27] Furthermore, a fibrillar Ln‑5γ2/
Tn‑CL co‑localization is seen to occur in the stroma beneath 
the tumour clusters.[26,27] Additionally, at the site of ruptured 
basement membranes, dot‑like or strand like co‑deposits of 
both molecules have been observed but their co‑localizations 
are only rarely detectable. These different patterns may reflect 
a sequential modulation and reorganization of the ECM in the 
tumour–stroma interface as they occur in different stages of 
OSCC invasion.[27]

Tenascin
Tenascin  (Tn) is an ECM glycoprotein that shows a site 
restricted expression, especially in areas of cell proliferation, 
cell motility, and tissue modeling at the epithelial–
mesenchymal junction during embryogenesis.[28] When this 
protein is produced by malignant cells, there seems to be an 
increase in proliferation and migration, probably owing to 
the fact that it blocks binding of fibronectin to cells and thus 
has antiadhesive properties.[29] In normal tissue specimens, 
Tn immunoreaction appears as a linear continuous thin line 
purely in the basement membrane region.[30,31]

Hyperkeratosis without dysplasia shows a distinct zone 
of enhanced Tn immunoreactivity immediately beneath 
the epithelium,[30,32] which correlates with the degree of 
hyperplasia.[31] In dysplasia of various degrees, enhancement 
of the stromal Tn content can be observed, being most 
conspicuous in carcinoma in  situ lesions.[30‑32] In SCC, the 
Tn reactivity was shown to be most intense in the underlying 
stroma, often covering it in its entirety. Notably, the strongest 
immunoreaction has been noted at the advancing edges of 
the tumour.[30‑32] Thus, enhanced expression of tenascin may 
play an important role during active phases of tumour cell 
proliferation and stromal changes in both premalignant and 
malignant lesions of the oral mucosa. Carcinoma cells may be 
the trigger for tenascin expression from mesenchymal cells,[30] 
however, tenascin may also be produced by carcinoma cells 
at the invasive fronts.[32]

The inclusion or omission of the alternatively spliced region in 
the tenascin‑C (Tn‑C) mRNA gives rise to the large (Tn‑CL) 
or small  (Tn‑CS) variants, respectively. Tn‑CL protein has 
been demonstrated within the whole stromal compartment, 
regardless of the grade of malignancy. The majority of the 
Tn‑CL mRNA signal‑bearing cells are carcinoma cells. Some 
stromal myofibroblasts have been shown to synthesize Tn‑CL. 
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In well‑differentiated carcinomas, the Tn‑CL‑synthesizing 
carcinoma cells are localized to a single positive cell layer 
in the tumour–stroma interface, particularly in invasive 
areas. Higher grades of malignancy have been associated 
with a significantly increased number of Tn‑CL‑synthesizing 
carcinoma cells randomly distributed within the invading 
tumor areas. These cells are capable of organizing and 
depositing a three‑dimensional Tn‑CL matrix.[33]

Syndecan
Syndecans form a family of cell surface proteoglycans, 
which can interact with various effector molecules, such 
as ECM molecules and growth factors. Syndecan‑1 is the 
most extensively studied member of the syndecan family. 
It is found mainly in epithelial cells, but its expression is 
developmentally regulated during embryonic development. 
It has been shown to mediate cell adhesion to several ECM 
molecules and to act as a coreceptor for fibroblast growth 
factors and potent angiogenic growth factors, which are 
involved in differentiation. Syndecan‑1 expression is reduced 
during malignant transformation of various carcinomas, 
including HNSCCs.[34] Ro et al.,[35] in 2006, reported that a 
reduction of syndecan‑1 expression correlated with tumour 
size and invasion in SCCs of the tongue. Kurokawa et al.,[36] 
2006, analyzed the correlation between the intensity of 
syndecan‑1 immunostaining and clinicopathological factors, 
especially the histological grade of malignancy at the deep 
invasive front of OSCCs. Significant differences were noted 
between syndecan‑1 expression and prognosis, differentiation 
and pattern of invasion at the deep invasive front. Patients 
with intermediate or strong intensity for syndecan‑1 had 
significantly better prognoses than those with negative or weak 
intensity. Reduced expression of syndecan‑1 is considered 
to be a useful marker of histological malignancy at the deep 
tumour invasive front and may be a valuable prognostic factor.

Galectin
Galectins are a family of animal lectins that are characterized 
by conserved carbohydrate recognition domains and binding 
affinity for β‑galactosidases. Galectins bind to a wide array 
of glycoproteins and glycolipids on the cell surface and in 
the ECM, including laminins, fibronectin, and integrins. By 
binding to these conjugates, galectins can deliver signals 
intracellularly as well as mediate cell–cell and cell–matrix 
adhesion.[37]

Galectin‑1  (Gal‑1), a prototype of the galectin family, 
performs significant functions in cancer regulation, including 
modulation of apoptosis, cell migration and adhesion and 
immune response. Overexpression of Gal‑1 at the ITF is 
associated with poor prognosis in OSCCs.[21,38] Gal‑1 has been 
shown to promote invasion in OSCC by upregulating MMP‑9 
and MMP‑2, and by reorganizing the actin cytoskeleton 
through enhanced activation of Cdc42, a small GTPase and 
member of the Rho family.[21] It has been shown that Cdc42 
is the major contributor to filopodia actin structure, and the 

activation of Cdc42 promotes cancer cell migration and 
invasion.[39,40] Thus, upregulation of Gal‑1 may increase the 
number and length of filopodia on tumour cells, which in turn 
may promote OSCC migration and invasion[21] [Figure 1].

Fibronectin
Fibronectin  (FN) is a high‑molecular mass adhesive 
glycoprotein synthesized and secreted by numerous cell types, 
such as endothelial cells of neovasculature, stromal fibro/
myofibroblasts and tumour cells.[16] It is involved in numerous 
functions including cell adhesion, migration, homeostasis, 
wound healing and oncogenic transformation.[41] Its loss during 
carcinogenesis may allow free migration of neoplastic cells.[16] 
Kosmehl et al., 1999, demonstrated that expression of oncofetal 
fibronectins, type‑III connecting segment (IIICS), fibronectin, 
de novo glycosylated fibronectin, and extradomain‑B (ED‑B) 
fibronectin could be demonstrated throughout the stromal 
compartment. ED‑B fibronectin‑synthesizing cells are confined 
to small stromal areas and to single stromal and inflammatory 
cells at the invasion front.[16,17]

Cortactin
Cortactin is an actin‑binding protein that plays a role in cell 
motility and invasion by promoting actin‑related protein 2/3 
complex actin nucleation and by stabilizing the newly formed 
actin branch points.[42] Overexpression of cortactin has been 
reported to enhance MMP‑9 secretion and promote MMP‑14 
surface expression in HNSCC cell lines, resulting in enhanced 
ECM degradation at plasma membrane structures known as 
invadopodia.[42,43] Indeed, cortactin overexpression has been 
consistently associated with more aggressive and invasive 
tumours, lymph node metastasis, and poor clinical outcome 
in HNSCC studied by Williams et al., 1993.[44]

Cortactin overexpression is seen more frequently in OSCC 
than in normal epithelium, and appears to be localized to the 
ITF. Yamada et al.,[45] 2010, reported that it has also been found 
more frequently in tumours with high T and N classification 
and significantly correlates with regional invasion [Figure 2].

Figure 1: Role of galectin at the invasive front of oral cancer
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Changes in the cell adhesion molecules

ECM contains a variety of cell adhesion molecules, including 
integrins, laminins, selectins, cadherins, catenins, dystroglycans, 
and the CD44 receptor. In OSCCs, a striking accumulation of 
CD44s, v3, v4, v9 and a loss of E‑cadherin/β‑catenin has been 
observed at the ITF by Bánkfalvi et al., 2002.[46]

A study on immunoexpression of CD44 isoforms in OSCCs 
revealed downregulation of CD44v3, CD44v4‑5 and CD44v6, 
which was found to correlate with cell differentiation, tumour 
grade and the pattern of neoplastic invasion.[47] Furthermore, 
CD44 serves as a docking site for MMP‑9, which allows its 
retention and the resultant localization of proteolytic activity 
on the cell surface.[48,49]

The expression of E‑cadherin at the ITF is reported to 
be lower than that at the central/superficial part for most 
OSCCs and is statistically associated with invasive front 
grading  (IFG) score, tumour size, tumour thickness, and 
poor survival of OSCC patients studied by Wang et al.,[50] 
2009. Loss of expression of β‑catenin and γ‑catenin[51] at 
the ITF of OSCCs has also been correlated with aggressive 
behaviour.

Integrin expression by cancer cells at the invasive front has 
been related to the mode of invasion and prognosis in OSCC. 
OSCC patients with higher expression levels of α3, α6a and 
β1 integrins have significantly better prognosis than those with 
lower expression levels. In addition, β1 integrin expression 
showed the highest correlation with clinical and pathological 
characteristics.[52] Triggering of the αvβ6 integrin, an adhesion 
molecule expressed by oral cancer cells, upregulates the 
production of MMP‑2 and MMP‑9, which cleave basement 
membrane proteins and thus facilitate oral cancer penetration 
of the epithelial basement membrane.[53] Upregulation of αvβ6 
expression in OSCCs has been consistently demonstrated 
in  vivo, where expression is often strongest at the invasive 
front of the tumour.[54]

Figure 2: Role of cortactin at the invasive front of oral cancer

Role of proteases at tumour invasive front

Once the tumour cells adhere to the ECM, proteolytic 
degradation of the ECM must occur to create space for 
invading tumour cells to move and disseminate. This process 
involves proteases from several families, which are classified 
as: serine proteases, which include the plasminogen activators, 
cysteine proteases, aspartic proteases, metalloproteinases, and 
their inhibitors.[55‑57] Proteolytic activity is especially evident 
at the invasive front, demonstrating a close relationship 
with tumour invasiveness. Both invasiveness and activity of 
tumour‑associated proteolytic enzymes are more dependent 
on the tumour microenvironment than the inherent properties 
of the cancer cell.[55‑57] Role of MMPs at the invasive tumour 
front in HNSCC and OSCC have been summarized in Table 1.

Role of tissue inhibitors of MMPs

Tissue inhibitors of MMPs  (TIMPs) are naturally occurring 
proteins primarily responsible for inhibition of MMPs in various 
tissues. Thus, theoretically, TIMPs should block the proteolytic 
activity of MMPs, and tissue invasion by tumour cells should 
be reduced in their presence.[56] However, Sutinen et  al.,[58] 
O‑Charoenrat et al.[59] and other authors have demonstrated high 
levels of TIMPs in HNSCC correlating with poor prognosis. It 
probably reflects the fact that there are other cell mechanisms 
operating, which modulate the activities of these enzymes.[60]

Increased TIMP‑1 expression has been associated with 
poor prognosis in HNSCC. This can be explained by the 

Table 1: Role of MMPs in the invasive tumour front in 
HNSCC and OSCC[55‑58,62]

MMPs Significance at the ITF
MMP‑1 MMP‑1 mRNA has been detected in stromal fibroblasts 

surrounding invasive OSCC and in tumor cells
MMP‑2 Expression at the invasive front correlates with 

poor survival, early recurrence in initially lymph 
node‑negative patients, and may be a predictive 
marker for tumour metastasis

MMP‑3 MMP‑3 containing tumour cells invade adjacent 
normal tissues more aggressively, including lymphatic 
and blood vessels

MMP‑9 MMP‑9 localizes to malignant keratinocytes at the 
tumour-stroma interface

MMP‑11 MMP‑11 mRNA was detected in stromal cells next to 
invasive cancer cells of the HNSCC and the level of its 
expression correlated with increased local invasiveness

MMP‑13 MMP‑13 mRNA was expressed by tumour cells at 
the invading front and also by stromal fibroblasts. Its 
levels in SCC cells were enhanced by TGF‑β, TNF‑α, 
TGF‑α, and KGF. Its expression correlates with the 
invasion and metastasis capacity of the HNSCCs

MMP‑14 MMP‑14 protein was shown to localize on the cell 
surface of tumour cells, especially at the invasive areas.

MMP: Matrix metalloproteinase, HNSCC: Head and neck squamous cell 
carcinoma, OSCC: Oral squamous cell carcinoma, ITF: Invasive tumor 
front, mRNA: messenger ribonucleic acid, KGF: Keratinocyte growth 
factor, TNF: Tumor necrosis factor, TGF: Transforming growth factor
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growth‑promoting activity of TIMPs on a variety of cell types 
or the induction of TIMPs by secreted MMPs (or vice versa) 
from tumour–host interaction in the extracellular milieu.[59] 
Similarly, higher expression of TIMP‑2 was reported to be 
the most independent factor for worse prognosis in early‑stage 
OSCC studied by Katayama et  al.,[60] 2004. This has been 
explained by the following mechanism: Pro‑MMP‑2 binds 
to TIMP‑2, in combination with MT1‑MMP on the cell 
surface, forming a ternary complex. Then, pro‑MMP‑2 in 
the complex is activated by adjacent MT1‑MMP that is free 
from TIMP‑2.[60] Elevated TIMP‑2 in patients with OSCC 
significantly correlates with TNM stage, local recurrence, 
and poor survival, as reported by de Vicente et al.,[61] 2005. 
Additionally, Ondruschka et al., affirmed that the expression 
of TIMP‑2 at the invasive front correlates with local tumour 
invasion in OSCC.[62]

Role of genomic changes

Noguchi et al., who studied the DNA content of cells at the ITF, 
considered it essential in measuring tumour aggressiveness, 
and suggested that this could influence disease‑specific 
survival, especially in conjunction with clinical findings.[12] 
Allelic imbalance  (AI)/loss of heterozygosity  (LOH) have 
been demonstrated in OSCC.[63‑65] In a study of LOH at 2q, 3p, 
and 21q by Yamamoto et al., it was shown that allelic loss in 
these regions is associated with the progression of OSCC and 
correlates with poor prognosis, particularly regarding 2q.[63] 
Partridge et al. observed that AI/LOH correlate with higher 
recurrence and less survival in OSCC patients and served as 
a better prognosticator than the TNM staging system.[64] Wang 
et  al. demonstrated that cells at the ITF, central/superficial 
areas, and stroma show a high frequency of LOH and 
microsatellite instability on chromosomes 17p13 (TP53) and 
9p21 (RPS6).[65] The frequency of RPS6 and TP53 aberration 
in the epithelial compartment, both at ITF and the center was 
significantly higher than in the stroma. The overall frequency 
of these two markers was statistically higher at the ITF than 
at the center/superficial part. The molecular study of these 
loci at the invasive front may help select patients who should 
undergo more aggressive therapies.

Marked cyclooxygenase (COX)‑2 expressions was found in 
the cytoplasm of cells, both at the tumour invasive front and 
in the surrounding stroma and vessels, indicating a putative 
role in tumour invasion and development of metastases.[66]

Vascular endothelial growth factor (VEGF) subtypes C and D 
are associated with the risk of nodal metastases of OSCCs and 
are frequently upregulated at the ITF, indicating their possible 
role in the process of tumour invasion and development of 
metastases.[67]

TGFβ1 and epidermal growth factor  (EGF) co‑stimulation 
have been shown to induce phenotype transition in OSCC 
cells, which fulfils the criteria of epithelial–mesenchymal 

transition  (EMT) in terms of vimentin upregulation and 
E‑cadherin downregulation on protein level as well as cell 
scattering. Furthermore, cells display a strongly enhanced 
invasiveness and adhesion to type I–IV collagens. Phenotype 
transition is accompanied by an enhanced expression of Ln‑5, 
especially its γ2 chain.[68]

The presence of p53 mutation indicates the most anaplastic 
fields in the invasive areas of the tumours, which may signify 
a poor prognosis.[69] Kato et  al., measured p53 labeling 
index (p53‑LI) at the invasive front of OSCC and have shown 
that patients with low‑scoring p53‑LI had a significantly 
worse prognosis than those with high‑scoring p53‑LI.[70] Horta 
et  al., demonstrated both p53 and p21  (WAF1/CIP1) to be 
overexpressed at the ITF of lower lip SCC when compared 
with the tumour as a whole.[71] Consequently, the measurement 
of p53‑LI at the invasive front of OSCC may be a significant 
indicator of prognosis. However, Piffkò et  al. could not 
demonstrate the prognostic impact on OSCC with regard to p53 
alterations at the ITF. However, the detection of disparate p53 
aberrations between primary and second primary carcinomas 
in some patients may provide evidence for their independent 
origin, with possible impact on prevention and therapy.[72]

Role of proliferative cells at the ITF

The expression of proliferation‑related molecules seems to be 
upregulated at the invasive zone when compared with other 
areas. Tumuluri et al., reported that cell proliferation at the 
invasive tumour front has a strong positive correlation with 
histological grade of malignancy in human OSCC.[73] The 
invasive tumour front of an OSCC is composed of tumour 
subpopulations with high proliferative activity.[74] This 
amplified and uninhibited cell proliferation at the invasive 
front may be one feature contributory to the invasion of 
OSCCs. The density of proliferating cells at the ITF has a 
positive relationship with prognostic and risk factors in 
OSCC.[73] Various antigens, such as proliferating cell nuclear 
antigen  (PCNA),[75] Ki‑67,[74,76] and argyrophilic nucleolar 
organizer regions  (AgNORs)[9] have been used in the 
immunohistochemical analysis of cell proliferation.

PCNA is a 36‑kDa nonhistonic nuclear polypeptide associated 
with the cell cycle, and is considered necessary for DNA 
replication and cell proliferation.[75] Kobayashi et  al. and 
Wang et al., reported it to be elevated in both oral dysplastic 
lesions and OSCCs.[77,78] However, the correlation between 
the expression of PCNA at ITF of OSCC and the prognostic 
outcome is yet to be elucidated.[79]

Ki‑67 is a nonhistonic nuclear protein that is present throughout 
all the active phases of the cell cycle (G1, S, G2, and M), 
but is absent from resting cells  (G0), and reaches its peak 
concentration in phases G2 and M. Various studies have 
demonstrated that elevated expression of Ki‑67 antigen at 
the ITF of OSCC indicates proliferative activity of a cell 
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population at the ITF.[13,75,76] Immunohistochemical levels of 
Ki‑67 antigen at the ITF have a positive relationship with 
clinical staging, tumour thickness, smoking status of the 
patient, and alcohol consumption. Importantly, this study 
shows that tumours that have metastasised have a significantly 
higher Ki‑67 labeling index than tumours where distant 
metastasis was not detected.[73]

The nucleolar organizer regions  (NORs) are loops of DNA, 
which transcribe ribosomal RNA. They are associated 
with proteins, which are considered to be required for RNA 
transcription. NORs can be identified indirectly by means of 
argyrophilia of their associated proteins (AgNORs) as nuclear 
dark dots. Bankfalvi and Piffko found that the number of 
AgNORs per nucleus is related to cellular proliferation and 
differentiation.[9] This finding could be useful in differentiating 
between normal, benign, and malignant lesions.[47] The AgNOR 
quantity is strictly related to the rapidity of cell proliferation: The 
higher the AgNOR quantity, the shorter the doubling time.[80] 
Standardized AgNOR analysis shows a strong independent 
prognostic value of cell proliferation at ITF of OSCCs.[9,81]

CONCLUSION

It is now well documented that the deepest and presumably 
most aggressive cells reside at the invasive front of tumours. 
The invasive front of the tumour frequently shows a lower 
degree of differentiation and a higher grade of cellular 
dissociation than the residual parts. Furthermore, several 
molecular events of importance for tumour spread, such as 
gain and loss of adhesion molecules, secretion of proteolytic 
enzymes, increased cell proliferation, and initiation of 
angiogenesis occur at the tumour–host interface or invasive 
front. The tumour budding in the invasive tumour front is 
the most important predictor of poor prognosis particularly 
in patients who receive neoadjuvant chemotherapy followed 
by surgery. It is well established that tumour cells at the most 
invasive part of the tumour differ significantly from central 
and superficial parts. These events which are linked to the 
risk of metastasis in OSCC have been elucidated by molecular 
events that are associated with tumour dissemination and 
spread. Thus, the ITF may reflect tumour prognosis better 
than other parts. A comprehensive understanding of the ITF 
of OSCCs may lead to sound prognostic assessment and 
appropriate treatment planning thus reducing the possibility 
recurrence or relapse.

The review critically analyses the molecular events at the ITF 
and the experimental validation that could be employed for the 
demonstration of this has been further emphasized.
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